The effective control of malignant pleural effusion (MPE) is of paramount importance in the treatment of patients with disseminated cancer. In this study, we compared two different approaches (early pleurodesis versus late pleurodesis) to MPE. Material and methods: Patients (188 cases) whose primary tumor type was known and who were confirmed to have MPE, were included in the study and were separated into two groups. One group consisted of patients who were asymptomatic and who underwent early phase pleurodesis (group I, n = 79). The other group (group II, n = 109) was composed of patients who were symptomatic and whose pleurodesis was performed later. In all cases, pleural effusion was evaluated by means of direct radiography. Computed tomography was performed with the goal of confirming the parenchymal or mediastinal lesions accompanying the pleural fluid. Results: The rate of complete success in group I cases was observed to be higher, while the rate of recurrence was lower (p = 0.001 and p = 0.002, respectively) than group II. In multiple logistic regression analysis, co-morbidities and the group that patient belong were found to be significant in terms of pleurodesis success (p = 0.02 and p = 0.03). There was a significant difference in survival time between group I and group II, with group I exhibiting longer average survival time (log rank test p < 0.001). Conclusions: We observed that the success rate was lower and the rate of recurrence higher in the late pleurodesis group, whose members already had greater volumes of pleural effusion.
Introduction
Malignant pleural effusion (MPE) occurs synchronously with the primary malignancy or may appear as a recurrence following treatment of the primary tumor [1] .
Effusions with known tumor types where patients are symptomatic can be monitored. However, intervention is necessary during follow-up in a great many of these cases when the patients become symptomatic [2] . In these patients, the main objective is to eliminate symptoms such as labored breathing, coughing, and chest pain, and to improve quality of life by preventing recurrence of pleural effusion [3] .
With these objectives in mind, methods which ensure obliteration of the pleural cavity following drainage of pleural fluid are employed.
Pleurectomy or pleural abrasion with chemical pleurodesis, thoracoscopy, and thoracotomy are all methods used to prevent recurrence of MPE [3] .
In this study, pleurodesis was performed in early stage cases, where the primary tumor type was known and there were no symptoms related to the accumulation of pleural fluid, and in cases presenting with symptoms due to increased amounts of pleural fluid. The success and recurrence rates were compared with regard to the two groups as well as method of pleurodesis, and mean survival was determined.
Material and methods
In the period 2012-2016, 316 patients who had received follow-up care and treatment during consultation with our Medical Oncology, Respiratory Diseases, and Surgical Oncology clinics were confirmed to have MPE. Of these, 128 (40.51%) cases were excluded from the study. Of those excluded, 12 (9.37%) cases were in poor overall condition and were not expected to live long, were patients in the terminal stage, and/or had undergone intervention with only thoracentesis. A total of 17 (13.28%) cases were patients who had undergone thoracotomy and/or thoracoscopic surgery via pleurectomy and/or decortication, it having been decided that chemical pleurodesis would not be effective due to expansion of the lungs. The other 99 (77.35%) cases were patients where recurrence occurred despite earlier thoracentesis, pleural fluid drainage having been performed by tube thoracostomy and a PleurX silicon catheter. Of these, 37 (37.37%) patients underwent pleurectomy or pleural abrasion following recurrence, while in 62 (62.63%) cases, tube thoracostomy or thoracoscopy with pleurodesis was performed.
The remaining 188 (59.49%) cases, whose primary tumor type was known and who were confirmed to have MPE, were included in the study and were separated into two groups.
While malignant cells were confirmed by pleural fluid cytology, closed pleural biopsy, and thoracoscopic biopsy in 53.73% of the cases, in 46.27% of malignant cells were not confirmed in the pleural fluid and pleural biopsies, despite the existence of a primary tumor. In these cases, a symptomatic period exceeding 1 month, absence of fever, and sanguineous pleural fluid (70.000 ±40.000 mm 3 ) were established as diagnostic criteria for MPE. The pleural fluid that accumulated in these cases was evaluated as paramalignant effusion.
In all cases, pleural effusion was evaluated by means of direct radiography. Computed tomography (CT) was performed with the goal of confirming the parenchymal or mediastinal lesions accompanying the pleural fluid.
Group I consisted of cases with low levels of pleural fluid and no symptoms related to the buildup of pleural fluid that underwent pleurodesis in the early stage. Group II was composed of cases that had developed symptoms related to the buildup of pleural fluid (pleuritic pain, dry cough, and respiratory distress) with excessive amounts of plural effusion. The mean amount of pleural effusions in group I cases was 412.307 ±127.591, and in group II cases was 2325.229 ±870.760.
In group I patients, who had low levels of pleural fluid buildup, blunting in the costophrenic sinuses was confirmed in the posterior-anterior (PA) and standard lateral lung radiographs. In group II patients, who had high levels of pleural fluid buildup, following obtundation of the costophrenic sinuses and obliteration of the contour of the diaphragm, signs of concave homogeneous density and pushing against the mediastinum were detected.
Because simultaneous administration of bilateral pleural effusions may increase the risk of pulmonary edema, pleurodesis was first performed on the side containing more fluid.
Talc was employed as the sclerosing agent for pleurodesis in all cases. While an approximately 4 g dose of talc was administered by means of insufflation through video thoracoscopy, 2.5 g mixed with 250 ml of physiological saline solution was applied through a chest tube or PleurX catheter.
In cases where talc pleurodesis was administered by chest tube and PleurX silicon, the tube was held closed for up to 1 h during dispersal of the sclerosing agent to the entire pleural surface. Pleurodesis was performed via video thoracoscopy in patients deemed unsuitable for radical surgery who could however undergo general anesthesia. In those cases, the procedure was performed under general anesthesia with single lung ventilation. Utilizing a single-use gas-propelled atomizer, the insufflation containing talc was distributed evenly over the pleural surface. The amount of fluid coming from the chest tube was recorded daily for all patients, and the tube was withdrawn when the daily volume of fluid fell below 100 ml.
Complications developing from pleurodesis were determined for cases in groups I and II. Patients were monitored monthly for 3 months following pleurodesis, and then every 3 months after that. At the end of the third month, the outcome for patients where no fluid was observed was considered completely successful. The outcomes of those whose PA lung radiographs or tomographs showed only localized fluid were classified as partially successful, and patients who experienced a relapse, as indicated by the excess accumulation of effusion, were considered to have an unsuccessful outcome.
In this study, pleurodesis was performed at an early stage in group I patients who had low amounts of pleural fluid, and at a later stage in group II patients who had excess amounts of pleural fluid. Success rates, involving the obliteration of the pleural space, and recurrence rates of pleural fluid buildup were determined separately, both with respect to the two groups and the method of pleurodesis applied. Mean survival was also assessed.
Statistical analysis
In comparing the success and recurrence rates in patients with malignant pleural effusions by group and method of pleurodesis performed, descriptive statistics for the characteristics under investigation are expressed as number and percentage. A Z-test and Fisher's definite probability test were used in comparisons of the data. A statistical significance level of 5% was chosen, and for calculations the MINITAB statistical package program was used.
Statistical analysis was performed using IBM SPSS (Armonk, NY, USA). Consistent factors were exhibited as mean ± standard deviation or median (interquartile range), and analyzed using the Mann-Whitney U test as appropriate. All out factors were displayed as recurrence (percentage) and analyzed using the c 2 test or Fisher's correct test as appropriate. Multiple logistic regression analysis was used to determine independent predictors of success with forward logistic regression to model independent predictors. Cumulative probability of survival time was estimated with Kaplan-Meier curves. Covariates with p < 0.05 from univariate analysis were included in the multivariate analysis. All statistical tests were two-sided and p < 0.05 was considered statistically significant.
Results
A full list of patient characteristics is given in Table I .
Of the study participants, 79 (42.02%) were in group I and 109 (57.98%) were in group II. In both groups the number of male patients was greater than that of female patients, while their average ages were similar. The most frequent cause of MPE in group I was lymphoma (34.2%), whereas in group II it was non-small cell lung cancer (41.28%) ( Table I ). Regarding the method of pleurodesis performed, the most common was the PleurX silicon catheter for group I and tube thoracostomy for group II (Table I ). The most frequent complication associated with pleurodesis for both groups was determined to be fever (15/188; 7.97%) ( Table I) .
Comparison of the recurrence and success rates of the two groups revealed a statistically significant difference in complete success (p = 0.002) and in recurrence following pleurodesis (p = 0.001) (Table II) . According to these findings, the rate of complete success in group I cases was observed to be higher, while the rate of recurrence was lower.
No statistically significant difference was found between the method of pleurodesis used in group I cases and success and recurrence rates (Table III) .
When success and recurrence rates for group II cases were compared with respect to pleurodesis methods, the difference in complete success rates between patients undergoing tube thoracostomy and PleurX catheter placement (p = 0.018) and in recurrence rates following pleurodesis (p = 0.024) were statistically significant. A statistically significant difference in partial success rates was observed between patients undergoing tube thoracostomy and those undergoing thoracoscopy (p = 0.021) and PleurX catheter placement (p = 0.018) ( Table IV) .
The pleurodesis methods themselves were compared in terms of the success and recurrence rates for each group. Of the pleurodesis methods, tube thoracostomy and thoracoscopy were shown to have no statistically significant difference between the two groups with respect to success and recurrence rates. In assessing pleural catheterization, a statistically significant difference was observed between the two groups in terms of complete success and partial success and recurrence (p = 0.001) ( Table V) .
Multiple logistic regression
The success of the treatments administered to the 188 patients who participated in this study is expressed in three different ways. Pleurodesis was considered successful in patients who had no fluid at the end of the third month, while PA was considered partially successful in patients with localized fluid and unsuccessful in those with a recurrence of buildup of excess effusion, as shown by chest X-ray or tomography. A statistical comparison of the success rates of the two groups according to the treatment method applied is given in Tables II-V. With the goal of evaluating both groups, a multiple logistic regression model was then established to examine the relationship between patient characteristics and pleurodesis success. The results of the multiple logistic regression, in which the two groups are jointly assessed, are presented in Table VI. When the model fitting information established for multiple regression was examined for all patients, it was found to be compatible (p = 0.00013). When the regression data were analyzed, success in preventing the re-accumulation of pleural fluid following pleurodesis for both groups was shown to be affected by the presence of disease accompanying the cancer. Patient age, one of the parameters investigated with respect to its effects on success, was found to be slightly higher than the significance value at the 0.05 level (0.1016), and had no effect with regard to preventing the re-accumulation of pleural fluid. In addition, the significance levels of the other parameters, method of pleurodesis, gender, pathology-causing MPE, and cancer stage, were significantly higher when the effects on success were examined together for each group. According to these results, when the aforementioned data were jointly evaluated for both groups, there was no meaningful effect on success. The value obtained when assessing the success of preventing the re-accumulation of pleural fluid was slightly greater than the significance level of 0.05 (Table VI) .
Following this assessment, a multiple logistic regression model was established to examine the relationship between patient characteristics and pleurodesis separately for each group. Results of multiple logistic regression analysis for group I and group II are presented in Table VII .
When the fit data of the model for multiple regression is examined, the model is found to be a good fit for both groups (group I: p = 0.00012; group II: p = 0.00015). R 2 , calculated according to the pseudo r 2 values model, summarizes the proportion of variance in the dependent variable associated with the predictor (independent) variables. In the first model, the Nagelkerke [4] r 2 value was 0.785, while that of the second model was 0.925, indicating that the second model has greater explanatory power.
Examining the regression data for group I, the presence of cancer and comorbid diseases (heart failure, diabetes, kidney failure, etc.) were observed to have an effect on success in preventing recurrence of pleural effusion following pleurodesis. The p-value for age of patients was found to be slightly higher than the significance level of 0.05. However, the significance level for method of pleurodesis was 0.0910, while that for the amount of pleural fluid was 0.14. Gender and cancer pathology (pathologies causing MPE) were not significantly associated with success in preventing recurrence of pleural effusion following pleurodesis in group I patients.
The results for group II showed that success in preventing recurrence of pleural effusion following pleurodesis was associated with comorbid disease and amount of pleural fluid, with p-values of 0.05 and 0.012, respectively. The p-value for age of patients in group II was not significant (p = 0.121). Also, gender, pathologies causing MPE, method of pleurodesis, and cancer stage were not significantly associated with success in preventing recurrence of pleural effusion following pleurodesis.
Cumulative probability of survival
Comparison of groups: In this section, the effect of each group on survival time is first examined. Survival test results and statistical result are given in Tables VIII and IX. When only the effect of group on survival time was examined, the difference between groups I and group II was statistically significant.
The level of significance was below 5% for all three methods (Montel-Cox, generalized Wilcoxon, Tarone-Ware). Regarding survival times results, the shortest in group I was 162.688 days and the longest was 173.312, with a median of 168 days. In group II, the shortest survival time According to the test results, there was a significant difference in survival time between group I and group II, with group I exhibiting longer average survival time.
In Figure 1 the difference between the groups is clearly visible. When evaluated according to time periods, survival time differed between groups for all time periods.
Effect of patient characteristics on survival time, separately for each group: in this section, the effects of patient characteristics on survival time were evaluated separately for the two groups.
Patient survival times were calculated using the prediction model based on the Kaplan-Meier survival method. The results of the survival estimates for groups I and II are given in Table X . The graphs of survival functions based on estimates made using the Kaplan-Meier method are shown in Figures 2-6 .
In calculating survival time, pathologies causing MPE (type of cancer) was significant for group I, with an estimated average survival time of 196.73 days. The mean survival time for group II was 121.18 days, and as with group I, pathologies causing MPE (type of cancer) had a major effect in predicting survival time.
In Figure 3 , which shows the survival times for various types of cancer, there is no significant difference between the types of cancer in group I, except for breast cancer. In the group II data, prostate cancer behaves differently from the other types of cancer, whereas the other types of cancer have similar effects on survival time. These two graphs clearly show that the type of cancer has a significant effect on survival time.
In Figure 4 , which shows the effect of treatment method, the PleurX catheter method has a different effect on survival time for group I compared to the other two methods. However, there was no significant difference in effect between the methods during the initial and middle periods for group II, while thoracoscopy was observed to have a significant effect in the final period.
The effect of cancer stage on survival time is shown in Figure 5 . Examining the data for group I, the first three stages of cancer were found to have similar effects on survival time, whereas stage 4 had a significantly different impact on survival time. In group II, the majority of cases were stage 4; thus no significant difference could be observed due to insufficient patient numbers for the other cancer stages. The effects of comorbid diseases in groups I and II on patient survival time were investigated ( Figure 6 ). While no significant difference in survival time was observed for either group during the first and middle periods, the presence of other diseases did have a significant effect on survival time in the final period.
Discussion
The effective control of MPE is of paramount importance in the treatment of patients with disseminated cancer, as effusion can result in dyspnea, decreased exercise tolerance, and increased mortality.
Carcinoma in any organ has the ability to metastasize to pleura. However, it is expected that lung carcinomas are most likely to reach the pleura and cause pleural effusion due both to their adjacency and their involvement in the circulatory system. In fact, in all large and reliable series studies, the most frequent cause of MPE is lung cancer, followed by breast cancer [3] .
In our study, the most frequent pathology causing MPE in both groups was determined to be lung cancer (84/188; 44.68%), in accordance with the literature. This was followed by lymphoma (34/188; 18.08%) and breast cancer (27/188; 14.36%).
A small amount of pleural effusion does not cause symptoms; 15% of pleural effusions do not produce symptoms [5] . When the amount of pleural effusion increases, symptoms begin to appear.
The most frequently observed symptoms are pleuritic pain, dry cough, and breathing difficulties [1] .
In this study, group I patients had low levels of pleural fluid and were in the asymptomatic phase, while group II patients had excessive amounts of pleural effusion fluid and exhibited such symptoms as pleuritic pain, dry cough, and respiratory difficulties.
In patients with pleural effusion in which diagnosis cannot be confirmed via cytology or biopsy, findings which suggest malignancy include a symptomatic period lasting more than one month, absence of fever, sanguineous pleural fluid, and CT results pointing to malignancy (pulmonary or pleural malignancy such as pleural mass, lymphadenopathy) [6] .
In our series, while malignant cells were detected in 53.73% of cases by pleural fluid cytology, closed pleura biopsy, and thoracoscopic biopsy, in 46.27% of cases, malignant cells could not be detected in pleural fluid or pleural biopsy, despite the presence of a primary tumor. In these patients the diagnostic criteria for MPE suggested in the literature were applied.
In confirming pleural effusion, the first step is the posterior-anterior graph (PA) lung graph. Thorax CT may be useful in MPEs. Computed tomography provides information regarding whether MPE is localized, about the condition of the primary disease, and the anatomy of other organs in the thorax. In particular, PET-CT can be used to confirm metastatic findings in other organs [1, 6] .
Pleural effusion for all cases in the present study was evaluated using direct radiography. For group I, the PA and standard lateral lung graph confirmed blunting in the costophrenic sinuses. In group II patients, following obtundation of the costophrenic sinuses and obliteration of the contour of the diaphragm, indications of a concave homogeneous density and pushing against the mediastinum were detected. Computed tomography was used to confirm parenchymal or mediastinal lesions accompanying pleural fluid.
For MPE, the aim of treatment is minimal morbidity within the limited lifespan of patients by using the least invasive procedures, and easing labored breathing by removing fluid from the pleural cavity. Every 1,000 ml of fluid drained leads to an increase of 400 ml, on average, in the total lung capacity [7] .
In order to remove fluid from the pleural cavity, thoracentesis, durable narrow catheters, tube thoracostomy or video-assisted thoracoscopic surgery (VATS) can be employed. However, drainage of the pleural cavity is not sufficient in palliative care. Fluid usually accumulates again within one month in 90% of patients [8] . For this reason, the goal for MPE cases should be to inhibit new accumulation of pleural fluid. The procedure administered to achieve this goal is pleurodesis.
Pleurodesis is the iatrogenic closure of the pleural cavity by means of inducing pleural fibrosis, thus inhibiting the collection of fluid. Either a chemical agent can be used or the surgical techniques of abrasion or pleurectomy can be employed; in either case, the mechanism is the infliction of damage to the pleura. However, if much damage is incurred, inflammation will also occur; the formation of pleural scar tissue, i.e., pleurodesis, will be successful to that extent as a result [9] .
In preventing the re-accumulation of fluid, pleurectomy performed via thoracotomy and decortication ensure effective pleurodesis. However, with these procedures, mortality exceeds 10%, and there is, in particular, morbidity in the form of persistent air leak [10] .
In chemical pleurodesis, the ideal sclerosing agent should have a high level of efficacy, be inexpensive, not cause serious side effects, and should be able to be easily administered [11] . As talc possesses these characteristics, it is used quite frequently.
Talc occurs in nature in the form of layers of magnesium silicate (Mg 3 Si 4 O 10 (OH) 2 ) and is commonly found together with asbestos. For intrapleural use, trade preparations exist which have traditionally been separated from asbestos fibers [12] .
Among chemical pleurodesis materials, talc has been shown to be the most effective in preventing recurrence of MPE, with most studies reporting 75-95% success rates [13] . In the present study, talc was the preferred choice for the sclerosing agent.
In the literature, complications such as pain, fever, dyspnea, acute pneumonia, and respiratory insufficiency have been reported in patients who have undergone pleurodesis [13] . In our series, doses of 2.5-4 g of talc were used, and in 15 cases (5/188; 2.65%) atelectasis occurred (Table II) . In no cases were potentially fatal complications, such as acute respiratory distress syndrome (ARDS) or respiratory insufficiency, observed.
For successful pleurodesis, after the complete emptying of the intrapleural cavity, the key factor is the full expansion of the lungs, and ensuring full physical contact between the visceral and parietal pleura. Failure of pleurodesis is caused by incomplete drainage of the pleural cavity, unequal distribution of the sclerosing agent, or trapped lung [14] .
In this study, the complete success and recurrence rates of the group I patients, in which pleurodesis was performed when the volume of pleural fluid was still low, were statistically significantly higher than those of group II patients, who had excessive effusion (Table II) . In cases where the amount of effusion was low, ensuring complete physical contact between the visceral and parietal pleura resulted in an increased chance of success. In 2007, Steger et al. reported that early pleurodesis was more successful in the prevention of recurrence, which supports our prediction [15] .
In group I patients, who underwent pleurodesis when the volume of pleural fluid was low, no differences in success rates and prevention of recurrence between the methods of pleurodesis employed (tube thoracostomy, thoracoscopy, and PleurX catheter) were detected. These results indicate that in those who undergo pleurodesis at an early phase, fundamental success is ensured not by the technique employed but rather is due to the low volume of fluid and full contact between the pleural membranes (Table III) .
However, in group II cases with excessive effusion, the technique employed was of the utmost importance in determining success and preventing recurrence. For complete success, thoracoscopy was found to be more successful than the PleurX catheter, while tube thoracostomy was more successful than both thoracoscopy and the PleurX catheter methods for partial success. Thoracoscopy was determined to be superior to the PleurX catheter in preventing recurrence (Table IV) .
Although there are published reports that talc powder administered with thoracoscopy had lower recurrence rates compared to talc powder administered by tube thoracostomy, with respect to success, no study has found a significant difference between the two methods [14, 16] . The present study did not establish the superiority of the thoracoscopic method compared to tube thoracostomy.
Traditionally, large tubes for pleurodesis are recommended. Some studies have suggested that there is no difference in efficacy with regard to narrow-diameter tubes as opposed to wide-diameter tubes [17] . In accordance with the literature, this study found no statistically significant difference between the two techniques in terms of complete success and prevention of recurrence. However, thoracoscopic application was determined to be clearly superior to the narrow catheter method in complete success rates and prevention of recurrence (Table IV) .
In our study, the effects of patient characteristics and patient group on success in preventing the re-accumulation of pleural fluid were examined, together with the above statistical studies. The different groups and the presence of disease accompanying the cancer (comorbidity) were observed to have effects on success rates, whereas other parameters had no effect (Table VI) .
Patient characteristics for each group were then examined separately with respect to their success in preventing re-accumulation of pleural fluid following pleurodesis (Table X) .
In group I cases, cancer stage and the presence of comorbid diseases (heart failure, diabetes, kidney failure, etc.) were observed to have an effect on success in preventing recurrence of pleural effusion following pleurodesis. For group II cases, comorbidity and the amount of pleural fluid were determined to be related to success rates.
Following a diagnosis of MPE, although the mean survival rate varies depending on the organ where the primary tumor originated, the histological type, and the stage of the disease, an estimate of 3-12 months can generally be given. In a number of studies, the type of cancer, cell type, tumor stage, pleural fluid characteristics, pleural fluid biomarkers, pleural tumor involvement, and overall performance status of the patient were found to affect mean survival [18, 19] .
Some studies have concluded that the prognosis of patients with pleural effusions who underwent talc pleurodesis was independent of age, gender, type of malignancy, and pleural fluid volume; however, prognosis was closely related to the response of the underlying systemic tumor to treatment. For example, patients with chemotherapy-responsive lymphoma or breast cancer were more likely to survive longer than patients with effusions caused by non-small cell lung cancer [20] [21] [22] . Similarly, in some studies, the shortest survival time was found in malignant effusions secondary to lung cancer, while the longest was observed in ovarian cancer [23] .
According to the results of the statistical analyses of the present study, there was a significant difference in terms of survival time between group I and group II, with group I having longer survival times (Table IX, Figure 1) . Also, pathologies causing MPE (type of cancer) had an important effect in the prediction of survival time for group I and group II cases. In addition, when the effect of cancer stage on survival time was examined in group I cases, as the cancer stage progressed, its effect on survival time became more evident. As most patients in group II were already at stage 4, no effect on survival time due to cancer stage was detected. The presence of comorbid disease in both group I and group II cases was determined to have an effect on survival time, especially in the final period. All of these findings are consistent with the literature [18] [19] [20] [21] [22] [23] .
In conclusion, in the treatment of MPE, the primary goal is to alleviate symptoms in patients, improve the quality of life, and prevent recurrence of pleural effusion. In this study, pleurodesis was found to have a low rate of success and high probability of recurrence of effusion in late phase cases in which the quantity of pleural effusion had increased. By contrast, in cases with low amounts of pleural effusion, due to improved contact of the parietal and visceral pleural membranes, pleurodesis performed at an early phase was more successful and recurrence was clearly decreased. Based on these findings, we hypothesize that in MPE patients, clinicians may consider pleurodesis as an alternative in the early stage when there is minimal buildup of pleural fluid.
